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GXHPDLQO\ WR WHPSHUDWXUHFKDQJHV5XL]GH$UJDQGRxDet al.,0HQpQGH]et al.,*RPH]+HUDVet al.,
9i]TXH]et al.,D+RZHYHUZHDWKHULQJ IRUPVRIQHZSDQHOV LQH[LVWLQJEXLOGLQJVDUH OHVV LGHQWLILHG
:KHQDVWRQHSDQHOLVXVHGDVIDoDGHLQEXLOGLQJVDQGPRQXPHQWVZLWKGHFRUDWLYHSXUSRVHVVXUIDFHDHVWKHWLFVDUH
WKHPDLQFULWHULDWRHYDOXDWHWKHGHFD\5RXJKQHVVJORVVDQGFRORXUDUHNH\SURSHUWLHVWRDVVHVVVXUIDFHZHDWKHULQJ
$ORQVRet al.,9i]TXH]et al.,,QXUEDQDQGLQGXVWULDODUHDV WKHGHSRVLWLRQRISROOXWDQWVOHDGVWRWKH
IRUPDWLRQRIVRRWSDWLQDVDQGEODFNFUXVWV7KHFRQVHTXHQFHLVDWRWDOFKDQJHRQWKHYLVXDODSSHDUDQFHRIEXLOGLQJV
VWRQHVVXFKDVEODFNHQLQJ*URVVLet al.*URVVLHWDO7|U|NHWDO&KDQJHVRQWKHVXUIDFHILQLVK
PDLQO\UHODWHGZLWKURXJKQHVVPD\DOVRFDXVHFRORXUYDULDWLRQV%HQDYHQWHHWDO7KH LQFUHDVH LQVXUIDFH
URXJKQHVVRIVWRQHVLVRQHRI WKHPRVW LPSRUWDQWFRQVHTXHQFHVDQGLQGLFDWRUVRIZHDWKHULQJ$ORQVRHWDO
/RSH]$UFHHWDO9i]TXH]HWDO9i]TXH]HWDOE'LVVROXWLRQIUDFWXUDWLRQDQGGHSRVLWVFDQEH
TXDQWLILHGE\ URXJKQHVVPHDVXUHPHQWV ,QJUDQLWRLGVHDFKPLQHUDO VKRZVDGLIIHUHQW UHVSRQVH WRZHDWKHULQJ)RU
H[DPSOHPLFDPD\GHWDFKDQGSODJLRFODVHPD\EHDOWHUHGWRVHULFLWH&UDFNVDUHIRUPHGLIVXEPLWWHGWRWHPSHUDWXUH
FKDQJHVGXHWRPLQHUDOGLIIHUHQWWKHUPDOH[SDQVLRQ*yPH]+HUDVHWDO*yPH]+HUDVHWDO9i]TXH]
HWDODRUWRWKHSUHVVXUHLQGXFHGE\LFHDQGVDOWFU\VWDOOL]DWLRQV$ORQVRHWDO/ySH]$UFHHWDO
9i]TXH] HW DO  )RXU JUDQLWRLGV FRPPRQO\ XVHG DV RUQDPHQWDO VWRQHV KDYH EHHQ VWXGLHG 7KH\ VKRZHG
GLIIHUHQFHVLQFRORXUDQGJUDLQVL]HWKRXJKWSRURVLW\ZDVVLPLODUDQGYHU\ORZ)RXUZHDWKHULQJWHVWVZHUHFDUULHG
RXW VDOW FU\VWDOOL]DWLRQ IUHH]HWKDZF\FOHV62H[SRVXUHDQGKHDWLQJ WRGLIIHUHQW WHPSHUDWXUHV'XH WR WKHLU ORZ
SRURVLW\VWDQGDUGL]HGWHVWVDUHQRWVXLWHGWRHYDOXDWHWKHGDPDJHRIWKHVHVWRQHVVLQFHSRURVLW\PXVWEHDWOHDVW
6WDQGDUG WHVW ZHUH DGDSWHG WR IRFXV WKH GDPDJH RQ WKH VXUIDFH 7KH GHFD\ ZDV DVVHVVHG E\ QRQGHVWUXFWLYH
WHFKQLTXHVVXFKDVYLVXDOREVHUYDWLRQFRORXUDQGURXJKQHVV
0DWHULDOV

)LJ6HOHFWHGJUDQLWRLGV$*ULV$OED%*ULVVDO&5RVD3RUULxR'5RVDYHO
)RXUJUDQLWRLGVZLWKGLIIHUHQWWH[WXUHDQGPLQHUDOFRPSRVLWLRQKDYHEHHQVHOHFWHG)LJ*ULV$OED*$LVD
WZRPLFDJUH\PHGLXPDQGKRPRJHQHRXVJUDLQVL]HGPRQ]RJUDQLWH7KHFRORXURIWKLVVWRQHLVOLJKWJUH\*ULVVDO
* LV D FRDUVHJUDLQ VL]HGDQGKHWHURJHQHRXVPRQ]RJUDQLWH7KHFRORXURI WKLV VWRQH LVSDOHJUH\5RVD3RUULxR
53 LV D FRDUVH JUDLQ VL]HG DQG KHWHURJHQHRXV V\HQRJUDQLWH 7KH JHQHUDO FRORXU RI WKLV JUDQLWRLG LV RUDQJHUHG
5RVDYHO5LVDSRUSK\ULWLFTXDUW]V\HQLWH7KHJHQHUDOFRORXURIWKHVWRQHLVSDOHSLQN0RUHGHWDLOVFDQEHIRXQGLQ
9i]TXH]HWDO
0HWKRGRORJ\
2.1. Decay tests 
7KH VWRQH GXUDELOLW\ZDV DVVHVVHG E\PHDQV RI DUWLILFLDO DJHLQJ WHVWV VXFK DV VDOW FU\VWDOOLVDWLRQ IUHH]HWKDZ
F\FOHV62DQGKLJKWHPSHUDWXUHH[SRVXUH6RPHRIWKHWHVWVZHUHPRGLILHGLQRUGHUWRIRFXVRQWKHGDPDJHRQWKH
VXUIDFH 7KLVWHVWZDVEDVHGRQWKHVWDQGDUG81((17KHGU\LQJVWDJHZDVFDUULHGRXWGXULQJKRXUV
LQHDFKF\FOHDW&WRVLPXODWHUHDOHQYLURQPHQWV7KLVWHPSHUDWXUHDYRLGHGWKHUPDOVKRFNDQGSURGXFHGDORZ
HYDSRUDWLRQUDWHWKDWDOORZVWKHVDOWWRPLJUDWHWRWKHVXUIDFHDQGFU\VWDOOL]HDVHIIORUHVFHQFH7KHGXUDWLRQRIWKHWHVW
ZDVLQFUHDVHGWRF\FOHV7KHVSHFLPHQVWHVWHGZHUHIRXUVODEVRIHDFKW\SHRIVWRQHZLWKGLPHQVLRQVîî
FP9D]TXH]HWDO  
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)UHH]H7KDZWHVWZDVFDUULHGRXWEDVHGRQWKHVWDQGDUG81((1,QWKLVVWXG\WKHVSHFLPHQVZHUH
LPPHUVHG LQZDWHUGXULQJ WKHZKROH WHVW7KH UHDVRQZDV WR IRUFH WKHGDPDJHRQWR WKH VXUIDFHDVD UHVXOWRI LFH
IRUPDWLRQDQGPHOWLQJ7KHWHVWZDVSHUIRUPHGIRUF\FOHV6SHFLPHQVZHUHFXEHVRI[[FP 
7KLV WHVW ZDV FDUULHG RXW IROORZLQJ WKH VWDQGDUG 81((1  7KH WHVW FRQVLVWHG RI SODFLQJ WKH
VSHFLPHQVLQDFORVHGUHFLSLHQWZLWKDILOPRIVXOIXURXVDFLGVROXWLRQIRUDSHULRGRIWKUHHZHHNVWKDWFUHDWHVDQDFLG
DWPRVSKHUH7KHVSHFLPHQV WHVWHGZHUH[[FPVODEV+LJK WHPSHUDWXUH WHVWVZHUHFDUULHGRXWKHDWLQJ WKH
VDPSOHV LQ D IXUQDFH DW WDUJHW WHPSHUDWXUH RI  &  &  &  & DQG  & UHVSHFWLYHO\ 7KH
WHPSHUDWXUHZDV ULVHQ XSZLWK D KHDWLQJ UDWH RI  &PLQ LQ RUGHU WR SURGXFH LUUHYHUVLEOH WKHUPDO H[SDQVLRQ LQ
JUDQLWRLGV2QFHWKHWHPSHUDWXUHZDVUHDFKHGWKHVSHFLPHQVZHUHPDLQWDLQHGIRUDSHULRGRIWKUHHKRXUVLQRUGHUWR
DVVXUH WKDW WKH FRUH VDPSOH JHWV WKH VDPH WHPSHUDWXUH DV WKH VXUIDFH $UJDQGRxD HW DO  &KDNUDEDUWL HW
DO$IWHUWKLVWLPHWKHWHPSHUDWXUHGHFUHDVHGIUHHO\ZLWKDFRROLQJUDWHDERXW&PLQVRWKDWWKHGDPDJH
ZDVSURGXFHGRQO\E\KHDWLQJ7KHVSHFLPHQVZHUHWDEOHWVRI[[FP
2.2 Damage evaluation after the tests
&RORXUZDVPHDVXUHGDQGTXDQWLILHGZLWKD0,12/7$&5FRORXULPHWHU'XHWRWKHKHWHURJHQHRXVWH[WXUH
RI WKHVWXGLHGJUDQLWRLGVGDWDSRLQWVZHUH WKHPLQLPXPUHTXLUHG LQHDFKVODE0HDVXUHPHQWVZHUHH[SUHVVHG
IROORZLQJWKH&,(/DEDQG&,(/&KV\VWHPV(1,62-¨(ZDVLQWURGXFHGDV WKHWRWDO
FRORXUFKDQJHLQRUGHUWRFRPSDUHWKHYDULDWLRQVEHIRUHDQGDIWHUWKHWHVWV
¨( >¨/¨D¨E@
%HFDXVH RI WKH TXDUW] WUDQVSDUHQF\ VXUIDFH URXJKQHVV ZDV PHDVXUHG XVLQJ D FRQWDFW SURILORPHWHU 0LWXWR\R
6XUIWHVW 691 ZLWK D  P GLDPRQG WLS WKDW PRYHV RQ WKH VXUIDFH RIPHDVXUH ZLWK FRQVWDQW VSHHG 7KH
QXPEHURISURILOHVPHDVXUHGZDVZLWKDVSDFLQJRIPPDQGPPOHQJWK6RPHJUDQLWRLGGHIRUPDWLRQDV
WKHSURGXFHGE\KHDWLQJPD\H[FHHGWKLVWKUHVKROG,QWKLVFDVHDQRSWLFDOVWHUHRPLFURVFRSH/HLFD0=$ZLWKWKH
DLG RI WKH VRIWZDUH /HLFD 6WHUHR ([SORUHU  ZDV XVHG )LIWHHQ SURILOHV LQ WZR DUHDV RI  [  FP ZHUH
PHDVXUHG LQ HDFK VODE $FXxD 7KUHH SDUDPHWHUVZHUH VHOHFWHG WR GHILQH URXJKQHVV (1 5D
$ULWKPHWLFDOPHDQGHYLDWLRQRIWKHSURILOH5S0D[LPXPSURILOHSHDNKHLJKW5Y0D[LPXPSURILOHYDOOH\GHSWK



)LJ$EVROXWHYDULDWLRQRIFRORXUSDUDPHWHUVEHIRUHDQGDIWHUHDFKDJHLQJWHVW
5HVXOWVDQGGLVFXVVLRQV
3.1 Colour Changes 
&RORXU FKDQJHV DUH UHODWHG WR WKH QDWXUH RI WKH GHFD\ DJHQW WKH FKHPLFDO UHDFWLRQV WKDWPD\ WDNH SODFH DQG WKH
PLQHUDORJ\DQG WH[WXUHRI WKHJUDQLWRLGV ,I WKHGHFD\DJHQWSURGXFHGRQO\PHFKDQLFDOGDPDJHQRVWURQJFRORXU
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FKDQJHV ZHUH H[SHFWHG ,I FKHPLFDO UHDFWLRQV WRRN SODFH D FRORXU YDULDWLRQ PRUH RU OHVV SURQRXQFHG FRXOG EH
DWWDLQHG )LJXUH  VKRZV WKH FRORXU FKDQJH IRU WKH GLIIHUHQW DJHLQJ WHVW 7KH IUHH]HWKDZ WHVW GLG QRW VKRZ DQ\
YDULDWLRQVLQFHRQO\PHFKDQLFDOGHFD\ZDVSURGXFHG7KHUHIRUHWKLVWHVWLVQRWUHSUHVHQWHGLQWKHJUDSKV
6DOW FU\VWDOOL]HG DV HIIORUHVFHQFH RQ WKH VWRQH VXUIDFH SURGXFLQJ D VOLJKW PHFKDQLFDO GDPDJH $ORQVR HW DO
9i]TXH]HWDO(YHQLIOLWWOHFKHPLFDOUHDFWLRQRFFXUUHGEHWZHHQWKHVRGLXPVXOIDWHDQGWKHJUDQLWRLG
PLQHUDOV VRPHFRORXUYDULDWLRQVZHUHREVHUYHGDW WKHHQGRI WKH WHVW7KHPRVW UHPDUNDEOHYDULDWLRQ LQ OLJKWQHVV
ZDV REVHUYHG LQ 53 ZKLOH 5 ZDV WKH RQO\ JUDQLWRLG WKDW LQFUHDVHG LWV FKURPD 7KH SODJLRFODVHV IURP WKHVH
JUDQLWRLGVKDYHDQDQRUWKLWHSURSRUWLRQEHWZHHQ7KHFDOFLXPRIWKHSODJLRFODVHVPD\UHDFWZLWKWKHVRGLXP
VXOIDWH DQG SURGXFH VHULFLWLVDWLRQ 7KXV 53 DQG 5 H[KLELWHG DW WKH HQG RI WKH WHVW D VWURQJ GHWHULRUDWLRQ LQ
SODJLRFODVHVZLWKJUHHQLVKFRORXUGXHWRFKHPLFDODOWHUDWLRQWKDWH[SODLQV WKHGHFUHDVHLQ OLJKWQHVV,I WRWDOFRORXU
FKDQJH LV HYDOXDWHG RQO\53 DIWHU  F\FOHVPD\ UHDFK  XQLWV FRQVLGHUHG DV WKH YLVLEOH WKUHVKROG )LJ 62
H[SRVXUH SURGXFHG ERWKPHFKDQLFDO DQG FKHPLFDO GHFD\ 62 UHDFWVZLWK WKH FDOFLXP IURP WKH SODJLRFODVHV DQG
J\SVXPFU\VWDOVSUHFLSLWDWHRQWKHVXUIDFHSUHIHUDEO\LQWKHJUDLQERXQGDULHVDQGEHWZHHQPLFDVKHHWV%HVLGHVWKH
DFLGDWWDFNSURGXFHVWKHLURQR[LGDWLRQDQGWKHFRORXUFKDQJHLQJ\SVXPFU\VWDOVDQGPLQHUDOVWR\HOORZDQGRUDQJH
)LJDE*URVVLHWDO9i]TXH]DQG$ORQVR7|URNHWDO&RORXUFKDQJHVZHUHUHPDUNDEOHLQ
JUH\JUDQLWRLGV VKRZLQJDGHFUHDVH LQ OLJKWQHVV LQFUHDVH LQ FKURPDDQG DQ HYLGHQW DQGKRPRJHQHRXV\HOORZLQJ
PHDVXUHGDVDGHFUHDVHLQKXH3LQNUHGJUDQLWRLGVGLGQRWH[KLELWDQ\YDULDWLRQSHUFHSWLEOHWRKXPDQH\HWKHUHIRUH
WKH\ DUH FRQVLGHUHG RSWLPDO WR EH XWLOL]HG LQ SROOXWHG DUHDV )LJ  7KH WRWDO FRORXU FKDQJH GLG QRW H[FHHG WKH
YLVLEOH WKUHVKROG +RZHYHU FRORXU YDULDWLRQV ZHUH FOHDUO\ SHUFHSWLEOH GXH WR WKHLU KHWHURJHQHRXV GLVWULEXWLRQ
)LJE,I WHPSHUDWXUHVDUHKLJKHQRXJKFKHPLFDOFKDQJHVVXFKDVFOD\GHK\GUDWLRQDQGLURQR[LGDWLRQPD\WDNH
SODFHDQGFRQVHTXHQWO\DYDULDWLRQLQWKHVWRQHFRORXU&KDNUDEDUWLHWDO%HFNHWDO:KHQWKHJUH\
JUDQLWRLGVZHUH KHDWHG XS WR WDUJHW WHPSHUDWXUH RI & \HOORZ FRORXU H[KLELWHG D VWURQJ LQFUHDVH / DQG E
DXJPHQWHG YHU\ VOLJKWO\ GXULQJ WKH ILUVW KHDWLQJ VWDJHV DW  & & DQG & DQG URVH HYLGHQWO\ DW KLJK
WHPSHUDWXUHUDQJHV7KDWJDYHKXHWKDWWXUQHGLQWRRUDQJHWRQHV)RUWKHJUH\JUDQLWHVWKHYDULDWLRQRI¨(LVDOPRVW
LPSHUFHSWLEOHWKURXJKWKHVHWHPSHUDWXUHVZLWKYDOXHVDURXQGDW&)LJ)URP&WR&DOOWKH
SDUDPHWHUV FRQWLQXH WR LQFUHDVH LQ WKRVH JUDQLWRLGV WKDW ZHUH QRW GHVWUR\HG:KHQ WKH SLQNUHG JUDQLWRLGVZHUH
KHDWHG WKHFRORXUFKDQJHGSURJUHVVLYHO\ZLWK WHPSHUDWXUH¨(ZDVHYLGHQW LQ5GXH WR WKHFKDQJHRIFRORXURI
SDOH SLQN DONDOL IHOGVSDUV WR \HOORZ WRQHV ,Q UHODWLRQ WR DOO WKHZHDWKHULQJ WHVWV FRORXU FKDQJHVZHUH HVSHFLDOO\
HYLGHQW LQ 62 H[SRVXUH DQG KHDWLQJ WHVWV &RORXU KXH WHQGHG WR \HOORZLQJ LQ WKH FDVH RI 62 H[SRVXUH DQG
UHGGHQLQJLQWKHFDVHRIJUDQLWRLGKHDWLQJ,QERWKFDVHVJUH\JUDQLWRLGVH[KLELWHGDKLJKFRORXUFKDQJHHYLGHQWZLWK
KXPDQH\H,QUHGJUDQLWRLGVWKHPLQHUDOLQKHUHQWFRORXUPDVNHGWKHUHGGHQLQJRU\HOORZLQJPDNLQJPRUHGLIILFXOW
LWVGHWHFWLRQZLWKQDNHGH\H

)LJ62DWWDFNRQJUDQLWRLGV$*\SVXPFU\VWDOVFRQWDPLQDWHGE\LURQDQGJURZLQJSUHIHUHQWLDOO\LQWKHJUDLQERXQGDULHVDQGPLFDVKHHWV
%$IWHUFOHDQLQJR[LGDWLRQUHPDLQHGDVRUDQJHFRORXUVLQZKLWHPLQHUDOV
3.2. Roughness Changes 
5RXJKQHVV FKDQJHV DUHPDLQO\ UHODWHG WRPHFKDQLFDOGDPDJH DV FUDFNVRU ILVVXUHVPHDVXUHG DV DQ LQFUHDVH LQ
YDOOH\VRUWKHVDOWGHSRVLWWKDWYDU\WKHURXJKQHVVHTXDOO\LQYDOOH\VDQGSHDNV)LJVKRZVDYHUDJHURXJKQHVV5D
YDULDWLRQ LQ HDFK WHVW LQ DOO WKH VWXGLHG VWRQHV5S WKDWPHDQVPLFD FKDQJHV RYHU WKH VXUIDFH DQG5Y WKDW FDQEH
H[SODLQHG DV FUDFN JURZLQJ DQGPLFD GHWDFKPHQW ,Q VDOW FU\VWDOOL]DWLRQ URXJKQHVV LQFUHDVHGZLWK WKH F\FOHV 5
VKRZHGWKHKLJKHVWYDULDWLRQVLQPRVWRIWKHSDUDPHWHUVIROORZHGE\*$WZRPLFDVJUDQLWRLG53ZLWKWKHELJJHVW
DQGPRUHFUDFNHGTXDUW]FU\VWDOVVKRZHGWKHGHHSHVWYDOOH\VDIWHUWKHWHVW,QJHQHUDOPLQHUDOVH[KLELWHGGLIIHUHQW
EHKDYLRUWKHUHZDVDQLQFUHDVHRIPLFDSHDNVZKLOHIHOGVSDUVUHPDLQHGLQWDFW$ORQVRHWDO/ySH]$UFHHW
DO9i]TXH]HWDO)LJ
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

)LJ3HUFHQWDJHYDULDWLRQVRIURXJKQHVVSDUDPHWHUV
EHIRUHDQGDIWHUHDFKDJHLQJWHVW
)LJ5RXJKQHVVYDULDWLRQEHIRUHDQGDIWHUF\FOHVRIVDOWFU\VWDOOL]DWLRQ
*ULVVDOJUDQLWRLG*0LFDGHWDFKPHQWFDQEHREVHUYHGZKHUHDVIHOGVSDU
UHPDLQHGLQWDFW

$IWHU )UHH]H7KDZ WHVW WKH DYHUDJH URXJKQHVV YDULDWLRQ ZDV VLPLODU IRU DOO JUDQLWRLGV ,Q JHQHUDO URXJKQHVV
GHFUHDVHGVOLJKWO\7KDWFDQEHH[SODLQHGE\DQHURVLRQRIWKHVXUIDFHGXHWRWKHLFHOD\HU7KLVFDXVHGDGLPLQXWLRQ
RI 5S DQG E\ HTXLOLEUDWLRQ RI WKH URXJKQHVV SURILOHV DOVR D GHFUHDVH RI 5Y 62 H[SRVXUH WHVW GHPRQVWUDWHG D
URXJKQHVVYDULDWLRQVLPLODUWRWKHVDOWFU\VWDOOLVDWLRQWHVWEXWZLWKOHVVLQWHQVLW\9i]TXH]HWDOE7KHPDLQ
FKDQJHVFRUUHVSRQGHGWRDQLQFUHDVHRISHDNVGXHWRWKHPLFDGHWDFKPHQWDQGDGHFUHDVHRIYDOOH\VGXHWRFUDFNV
ILOOLQJZLWKJ\SVXPFU\VWDOV7KLVHIIHFWZDVPRUHHYLGHQWLQJUH\JUDQLWRLGV*$DQG*GXHWRKLJKHUSODJLRFODVH
FRQWHQW$QLQFUHDVHLQWHPSHUDWXUHSURGXFHVPHFKDQLFDOGHFD\GXHWRWKHGLIIHUHQWLDO WKHUPDOH[SDQVLRQEHWZHHQ
PLQHUDOV7KHVHGLIIHUHQFHVSURGXFHVWUHVVHVWKDWOHDGWRPLFURFUDFNLQJ0HQpQGH]HWDO*RPH]+HUDVHWDO
*RPH]+HUDVHWDO9i]TXH]HWDOD:KHQH[SRVHGWRKLJKWHPSHUDWXUHVWKHFRDUVHJUDLQVL]HG
JUDQLWRLGV * 5 DQG 53 VKRZHG QR YDULDWLRQ RI URXJKQHVV HYHQ DIWHU KHDWHG XS WR & $W & WKHUH DUH
LQFUHDVHVRIDOOWKHSDUDPHWHUVDQGDJDLQDW&DGLPLQXWLRQWKDWOHDGVWRWKHUHFRYHULQJRIWKHLQLWLDOYDOXHV
*$ZLWKILQHJUDLQVL]HDQGKLJKPLFDFRQWHQWVKRZHGDQHYLGHQWYDULDWLRQRIURXJKQHVVDOWKRXJKSDWWHUQVZHUHQRW
HDV\WRUHFRJQL]H9DOXHVURVHDQGGHFUHDVHGUDQGRPO\WKURXJKWKHKHDWLQJVWDJHVDOWKRXJK5DDQG5YVKRZHGD
JHQHUDO WUHQG WR LQFUHDVH WKURXJKRXW WHPSHUDWXUHV7KDW LPSOLHV WKHFUDFNRSHQLQJPDLQO\ LQWHUJUDQXODU DQGDOVR
JUDLQGHWDFKPHQW *yPH]+HUDVHWDO9i]TXH]HWDOD7KHVDPSOH IUDFWXUDWLRQ LVFOHDUO\YLVLEOHDW
&DQGKLJKWHPSHUDWXUHV6RGLXPVXOIDWHLFHDQGJ\SVXPFU\VWDOOL]HRQWKHVXUIDFHPDLQO\LQWKHKLJKHVWUHOLHI
DUHDVZKLFKLQJUDQLWRLGVEHORQJWRPLFDH[IROLDWLRQSODQHV7KHPDLQFKDQJHVZHUHWKHFRQVHTXHQFHRISK\VLFDO
GDPDJHUHODWHGWRPLFD/RSH]$UFHHWDODQGSK\VLFRFKHPLFDOGHFD\RI&DULFKSODJLRFODVHV9i]TXH]HW
DO7KLVSKHQRPHQRQFRUUHODWHGZLWKWKHKLJKLQFUHDVHLQURXJKQHVVDIWHUWKHVRGLXPVXOIDWHFU\VWDOOL]DWLRQ
PHGLXPLQFUHDVHLQURXJKQHVVDIWHU62H[SRVXUHDQGJ\SVXPFU\VWDOIRUPDWLRQDQGDOPRVWQRFKDQJHDIWHUWKHLFH
GDPDJH +HDWLQJ SURGXFHG D GLIIHUHQWLDO PLQHUDO H[SDQVLRQ WKDW SURGXFHG PLFURFUDFNLQJ 'LIIHUHQFHV EHWZHHQ
FRDUVH DQG ILQH JUDLQ VL]HGJUDQLWRLGVZHUH GHWHFWHGZLWK DKLJKHU LQFUHDVHRI URXJKQHVV LQ ILQHJUDLQ VL]HG DQG
PLFDULFKJUDQLWRLGV
&RQFOXVLRQV
6XUIDFHSURSHUWLHVH[KLELWHGHYLGHQWFKDQJHVDQGZLWKYDULDEOHLQWHQVLW\ WKURXJKWKHGLIIHUHQW WHVWV&RORXUDQG
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URXJKQHVVPHDVXUHPHQWUHVXOWHGLQRSWLPDOQRQGHVWUXFWLYHWHFKQLTXHVWRHYDOXDWHWKHGHFD\&RORXUYDULDWLRQVDUH
UHODWHGWRFKHPLFDODWWDFN7KXV62H[SRVXUHDQGKHDWLQJZHUHWKHWHVWVLQZKLFKWKHFRORXUFKDQJHVZHUHWKHPRVW
HYLGHQW62H[SRVXUHSURGXFHGQRWRQO\DSDUWLFOHGHSRVLWLRQEXWDOVRDUHDFWLRQZLWKWKH&DSUHVHQWLQSODJLRFODVHV
OHDGLQJWRJ\SVXPIRUPDWLRQDQGD\HOORZLQJRIWKHVXUIDFH7KHDFLGDWPRVSKHUHVUHDFWHGDOVRZLWKLURQR[LGHVWKDW
SURGXFHGRUDQJHVSRWVRQWKHVWRQH$WHPSHUDWXUHLQFUHDVHSURGXFHGDVZHOOFRORXUFKDQJHVGXHWRWKHR[LGDWLRQRI
LURQPDLQO\IURPPLFD5RXJKQHVVH[SHULPHQWHGKLJKYDULDWLRQWKURXJKPHFKDQLFDOSURFHVVHV6DOWDQGLFHH[HUWD
SUHVVXUHZKHQFU\VWDOOL]H LQWKHPLFDSODQHVDQGJUDLQERXQGDULHV7KHLQFUHDVHRI WHPSHUDWXUHOHDGVWRDPLQHUDO
H[SDQVLRQ SURGXFLQJ PLFUR FUDFNLQJ DQG PLQHUDO GHWDFKPHQW *$ WKH ILQH JUDLQHG VL]H DQG PLFD ULFK JUDQLWH
VKRZHGWKHKLJKHVWYDULDWLRQ
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